Increase of surface area and decrease of band gap in TiO 2 semiconductors are significant to improve the efficiency of water splitting by photoelectrolysis. In this study TiO 2 nanotube arrays with ~7 um length and ~100 nm diameter were fabricated by an anodizing technique of titanium foils using DMSO (dimethyl sulfoxide)-based electrolytes. Then to control the band gap of the TiO gas ambient for a period longer than 120 min showed 1 order higher leakage current. It is believed that the decrease of band gap and increase of conductivity in TiO 2 nanotube arrays due to NH 3 gas treatments result in the superior water-splitting performance.
I. Introduction
ver the past several years increasing interest has been focused on research of TiO 2 which has great potential in applications such as photocatalysis, solar cells, and gas sensors. Titanium dioxide (TiO
2
) is a semiconductor with excellent photocatalytical properties, 1 , 2 ) but due to its high band gap energy (~3.2 eV) it can be excited only by UV light (λ < 380 nm). To maximize the photocatalytic efficiency of TiO 2 , one would like (1) the sensitized TiO 2 with a suitable dyes, 3 , 4 ) and (2) the doping of TiO 2 with transition metals or other elements, including C, N, P and S. Therefore, nitrogen-doped TiO 2 can shift the optical absorption to visible light, which accounts for 48% of incoming solar energy. A significant factor for higher conversion efficiency is the surface area of semiconductors. Thus, TiO 2 nanotube arrays were fabricated by an anodization technique to obtain a higher surface area compared to thin films. In this study, TiO 
Experimental Details
TiO 2 nanotube arrays were fabricated by an anodization process in a two-electrode electrochemical cell with a platinum cathode at a constant-applied voltage. Titanium foils were anodized using a 4 vol% HF-DMSO electrolyte at applied voltage of 60 V for 2 h. Remains on the surface of the as-anodized nanotube arrays, which were thought to come from the electrolyte, were removed by ultrasonic agitation. The amorphous nanotube arrays initially fabricated by the anodization were crystallized by annealing at 550 nanotubes were obtained by TEM (JEM 2100). Photoelectrochemical properties of the nanotube arrays were characterized using a three-electrode photochemical system (AMT VERSASTAT3) with the TiO 2 as the working electrode, saturated Ag/AgCl reference electrode, and platinum mesh counter electrode. A 1 M KOH solution was used as the electrolyte. The irradiation was performed with a 1KW Xe lamp (OMA 66924), and a 420 nm cut-off filter was used to obtain visible light. Incident light of 100 mW/cm 2 measured using a thermopile detector was used in electrochemical measurements. However, with an increase of NH This result corresponds to results in previous reports of other groups. annealed for 2 h and 3 h) are shown in Fig. 5 (b) . With increasing applied voltage, the leakage current also increases at a semilogarithmic scale. The leakage current of ~1 × 10 the ratio of converted chemical energy to input photon energy, was calculated from the measured photocurrent shown in Fig. 6(a) and (c), and presented in Fig. 6(b) . Therefore, the excess N-doped samples provide lower η(%) due to their lower concentration of photo-generated holes and electrons.
Results and Discussion

Summary
We report results of a systematic investigation into TiO gas treatment result in a slow recombination of exited electron-hole pairs and thus the superior water-splitting performance.
